The first quenched galaxies (z>2) are both the most massive, and most compact, suggesting a physical connection between high stellar density and efficient, rapid cessation of star-formation. We present rest-frame UV spectra of Lyman-break galaxies (LBGs) at z ∼ 3 selected to be candidate progenitors of the quenched galaxies at z ∼ 2, compared to other LBGs of similar mass and star-formation rate (non-candidates). We find that candidate progenitors have faster outflow velocities and higher equivalent widths of interstellar absorption lines, implying larger velocity spread among absorbing clouds. Candidates deviate from the relationship between equivalent widths of Lyα and interstellar absorption lines in that their Lyα emission remains strong despite high interstellar absorption, possibly indicating that the neutral HI fraction is patchy, such that Lyα photons can escape. We detect stronger C IV P-Cygni features (emission and absorption) and He II emission in candidates, indicative of larger populations of metal-rich Wolf-Rayet stars compared to non-candidates. The faster outflows, broader spread of gas velocity, and Lyα properties of candidates are consistent with their ISM being subject to more energetic feedback than non-candidates. Together with their larger metallicity (implying more evolved star-formation activity) this leads us to propose, if speculatively, that they are likely to quench sooner than non-candidates, supporting the validity of selection criteria used to identify them as progenitors of z ∼ 2 passive galaxies. We propose that massive, compact galaxies undergo more rapid growth of their stellar mass content, perhaps because the gas accretion mechanisms are different, and quench sooner than normally-sized LBGs at these (early) epochs.
INTRODUCTION
The quenching of star-formation is a major event in the evolution of passively evolving galaxies; on rapid timescales, the star-formation ends over the full volume of the galaxy (Renzini 2006) , dust and cold gas contents are removed, and the UV/optical SED evolves from blue to red. The combination of these processes give rise to the well known Hubble sequence, and galaxies appear to follow these characteristics even 10 Gyr ago Kriek et al. 2009a; Toft et al. 2009; Wuyts et al. 2011; Cameron et al. 2011; Szomoru et al. 2011; Wang et al. 2012; Lee et al. 2013a ). Yet, starformation quenching remains one of the most poorly understood physical processes affecting galaxies at any epoch in the Universe's history. While there is abundant evidence that both the baryonic and halo masses, and also the environment of galaxies correlate with the cessation of star-formation (Kauffmann et al. 2003 (Kauffmann et al. , 2004 Baldry et al. 2004; Hogg et al. 2004; Blanton et al. 2005 ; Thomas et al. 2005; Peng et al. 2010 Peng et al. , 2012 Woo et al. 2013; Tal et al. 2014) , there is a stark lack of understanding of the physical processes that underpin these observed trends, and how the fuel for star-formation, cold gas, in galaxies is affected.
Deep surveys such as the Great Observatories Origins Deep Survey (GOODS; Giavalisco et al. 2004 ) and the Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS; Grogin et al. 2011; Koekemoer et al. 2011) have, over the last decade, revealed a population of massive, quenched galaxies, very early in the universe's history ( z∼2; e.g. Franx et al. 2003; Cimatti et al. 2004; Glazebrook et al. 2004; Daddi et al. 2005; Trujillo et al. 2006; Bundy et al. 2006; Cimatti et al. 2006; van der Wel et al. 2008; van Dokkum et al. 2008; Fontana et al. 2009; Saracco et al. 2009; Bezanson et al. 2009; Cassata et al. 2011; Guo et al. 2012; Cassata et al. 2013) . Their spectra, colors and specific star-formation rates (sSFR) imply star-formation must have been quenched for at least ∼ 1 Gyr prior to observation (Kriek et al. 2006 (Kriek et al. , 2009b Onodera et al. 2012; Kaviraj et al. 2013; Gobat et al. 2012; van de Sande et al. 2013; Whitaker et al. 2013) . The remarkable thing about these quenched galaxies (besides the fact that they have already assembled such high stellar mass and also quenched star-formation only ∼2 Gyr after the Big Bang), is that they are significantly more compact relative to local passive galaxies (e.g. Daddi et al. 2005; Zirm et al. 2007; Toft et al. 2007; van Dokkum et al. 2008; Damjanov et al. 2009; Buitrago et al. 2008; Muzzin et al. 2009; van Dokkum et al. 2010; Huang et al. 2013b; Davari et al. 2014) .
Nearly all (> 80%) quenched galaxies at z>1.5 are more compact in stellar density than the lower 1σ of passive galaxies at z∼0 (Σ M * > 3 × 10 9 M ⊙ kpc −2 ; Cassata et al. 2011 Cassata et al. , 2013 .
More than 70% are ultra-compact (Σ M * >1.2x10
10 M ⊙ kpc −2 ). Very few local analogs to such galaxies exist (Trujillo et al. 2009; Taylor et al. 2010; Shih & Stockton 2011 , although seePoggianti et al. 2013 Stockton et al. 2014; Trujillo et al. 2014) , and even intermediate redshift passive galaxies appear structurally different (Hsu et al. 2014; Damjanov et al. 2014) . Observations indicate this compactness is real, with large dynamical masses measured from velocity dispersions Cappellari et al. 2009; Newman et al. 2010; van de Sande et al. 2011; Toft et al. 2012; Bezanson et al. 2013; Belli et al. 2014) , and deep high-resolution near-IR HST images and stacks confirming the small sizes Szomoru et al. 2012; Williams et al. 2014) . Such high masses and steep light profiles suggest that highly dissipative gaseous processes must have been behind the stellar mass assembly.
These galaxies pose extreme challenges to simulations of galaxy formation. Simulated gas-rich mergers fail to reproduce the steep light profiles of these galaxies (Wuyts et al. 2010; Williams et al. 2014) , primarily because the stellar components in the merger progenitors cannot effectively dissipate angular momentum (Hopkins et al. 2008 (Hopkins et al. , 2013 . Furthermore, observed starburst galaxies which are thought to be gas-rich mergers due to their extreme star-formation rates (SFR), dust contents, and irregular morphologies, appear morphologically distinct from the compact passive galaxies (CPGs), due to their extended half-light radii and clumpy morphology (Swinbank et al. 2010; Mosleh et al. 2011; Targett et al. 2011 Targett et al. , 2013 Bussmann et al. 2012; Kartaltepe et al. 2012, Giavalisco et al., in preparation) . Transforming these extended starbursts into compact passive galaxies would require significant changes in morphology and gravitational potential within 1 Gyr, and it is unclear what mechanism would be capable of this. Alternatively, it has been argued that accretion of gas from the IGM (e.g. Birnboim & Dekel 2003; Kereš et al. 2005; Dekel & Birnboim 2006) can produce compact galaxies through the dissipation of angular momentum, e.g. through disk instabilities (Dekel et al. 2009; Bournaud et al. 2011; Dekel et al. 2013 ). These gaseous disks may be large (e.g. R e ∼6-8 kpc Dekel et al. 2009; Tacconi et al. 2010 Tacconi et al. , 2013 , and therefore the starformation timescale in the accreted gas must be larger than the gas dissipation timescale in order to leave a negligible stellar halo (Dekel & Burkert 2014) . Direct accretion of gas from the IGM, however, could deposit onto galaxies through filamentary configurations such that angular momentum is largely canceled, allowing star formation to proceed in very compact regions of galaxies (Sales et al. 2012; Johansson et al. 2012; Cen 2014) . In this case massive compact galaxies would mark the sites of galaxy formation by cold accretion at high redshift. The disappearance of these objects, either star-forming (e.g. van der Wel et al. 2014) or passive (Cassata et al. 2011 (Cassata et al. , 2013 Damjanov et al. 2014 ) at low redshift is consistent with the idea that cold accretion is shut down at z 2 (Kereš et al. 2005; Dekel & Birnboim 2006; Kereš et al. 2009 ).
The fact that these massive and compact galaxies dominate the population of quenched galaxies at high redshift (Cassata et al. 2011 (Cassata et al. , 2013 ) strongly suggests a physical connection between very high stellar density and the effective and rapid cessation of star formation. Indeed, quiescence is observed to be highly correlated with compact morphologies (Bell et al. 2012; Cheung et al. 2012 ). This hypothesis is consistent with the observation that equally compact galaxies which still form stars virtually disappear from the universe by z<1, and has prompted analyses of compact star-forming galaxies (SFG) as progenitors of these CPGs based on a diversity of selection criteria (Patel et al. 2013; Barro et al. 2013; Stefanon et al. 2013; Williams et al. 2014) . To what extent these studies overlap in their sample selections is unclear, and detailed analysis of the light profiles of the samples is necessary to understand if their stellar distributions are indeed consistent with that of the descendent CPGs. The high fraction of AGN detection in some samples (∼50%; e.g. Barro et al. 2013 ) makes it unclear whether it is the AGN in the galaxy which is responsible for the quenching, or the compactness of the stellar distribution. Diamond-Stanic et al. (2012) , although studying compact SFGs at lower redshifts, find quenching is likely in compact SFGs without the necessity of AGN.
The implied evolutionary connection between compact SFGs and CPGs illustrates the need to study the properties of compact SFGs in detail. A recent study by Nelson et al. (2014) provided evidence for this evolutionary connection, with the discovery of a massive, compact SFG whose morphology, mass, and (gas) velocity dispersion match that of the CPGs, without indication of AGN activity. Recently, Williams et al. (2014) identified plausible "candidate" progenitors of these CPGs among compact Lyman-Break Galaxies (LBGs) at z∼3.4, based on their morphological similarity, and also their stellar masses and SFRs, such that they would be capable of matching the selection criteria of CPGs by the time the universe evolves to z∼1.5. Their co-moving number density is similar to those of the CPGs, consistent with the suggestion that massive compact LBGs can evolve into the first quiescent systems, and the intensely star-forming, but much larger, sub-millimeter galaxies (e.g. Toft et al. 2014) are not the only avenue to such early quenching (Stark et al. 2009; Williams et al. 2014) . These candidate progenitors are generally small in radius, and deep stacks show steep and compact stellar distributions, very similar to those of the CPG at z∼2. Furthermore, their rest-frame UV SED appears redder compared to more normal SFGs (in terms of mass and size), while having consistent colors at rest frame opticalnear IR (Williams et al. 2014) . This shows that the redder UV indicated a more evolved stellar population than other LBGs.
These trends give rise to a number of unanswered questions.
Could the dense stellar distribution in CPGs have formed through some dissipative gaseous process, such as accretion of cold gas from the intergalactic medium (Birnboim & Dekel 2003; Kereš et al. 2005; Dekel & Birnboim 2006; Sales et al. 2012; Johansson et al. 2012; Cen 2014) ? What differentiates these compact galaxies such that they are so small and dense relative to the rest of SFGs at early epochs? What is the physical process that quenches their starformation so early, and is it directly related to stellar density? Therefore, it is imperative to search for evidence (if any) that the physical conditions in these compact galaxies are particularly hostile to continued starformation.
The phenomenology of feedback in SFGs has been extensively documented (e.g. Shapley et al. 2003; Martin 2005; Tremonti et al. 2007; Weiner et al. 2009; Martin & Bouché 2009; Rubin et al. 2010; Steidel et al. 2010; Genzel et al. 2011; Heckman et al. 2011; Newman et al. 2012; Rubin et al. 2013; Förster Schreiber et al. 2014, among others) . However, how feedback depends on various properties (e.g. SFR, stellar density, surface density of star-formation) remains to be fully empirically understood. Feedback in the form of bulk outflows is observed ubiquitously in high-redshift SFGs, and high-velocity outflows have been observed in very compact starbursts, presumably due to the high surface densities of star-formation (Diamond-Stanic et al. 2012) .
Recently, Law et al. (2012) studied the correlations between rest-frame optical morphology of galaxies, and their UV spectroscopic properties. The authors found that smaller galaxies (R e <2 kpc) are more likely to exhibit both Lyα in emission and faster outflows (as probed by the centroid of interstellar absorption lines) than larger galaxies. The interpretation is that the feedback in larger galaxies is less effective in energizing the ISM gas, thus increasing the optical depth of gas at rest with respect to the galaxy, bringing absorption line centroids closer to the systemic velocity and diminishing the ability for Lyα to escape (Law et al. 2012) .
Motivated additionally by these recent findings that galaxy morphology correlates with spectroscopic properties such as outflow velocity, with this study we aim to characterize the nature of the quenching mechanism(s) affecting compact galaxies. This study presents a comparative analysis of spectroscopy of "candidate" starforming progenitors of CPGs, compared with the properties of normal SFGs at the same epoch. In Section 2, we present the LBG samples at z ∼ 3.4 and their spectroscopy, in Section 3 we present the results of this comparative analysis, and in Section 4, we discuss the implications of our findings in the context of star-formation quenching at high-redshift. Throughout this paper we assume a cosmology with Ω Λ = 0.7, Ω m = 0.3, and
2. DATA 2.1. The LBG samples The galaxies discussed here are the LBG samples at z∼3.4 presented in Williams et al. (2014) . These LBGs are z-band selected from the the Great Observatories Origins Deep Survey (GOODS; Giavalisco et al. 2004 ), and are found over an area of 113 arcmin 2 from the GOODS-South field HST/WFC3 imaging from CANDELS (Grogin et al. 2011; Koekemoer et al. 2011) . Through simulations we established our sample is 90% complete with z≤26.5 for galaxies of <0.3" half-light radius (Huang et al. 2013a ). We measure multi-wavelength photometry using the object templatefitting method (TFIT; Laidler et al. 2007 ) software, which includes U-band imaging from the Visible Multiobject Spectrograph (VIMOS) on the Very Large Telescope (VLT; Nonino et al. 2009 ), HST/ACS B,V,i,zband, HST/WFC3 J, H-band, VLT/ISAAC K s photometry (Retzlaff et al. 2010) , and Spitzer/IRAC 3.6, 4.5, and 5.7 µm imaging (M. Dickinson et al., in preparation) . The details of the construction of multi-wavelength photometry are discussed in Guo et al. (2013) . Measurements of galaxy properties for the LBG samples using the multi-wavelength photometry is described in Guo et al. (2012) ; Williams et al. (2014) . We use GAL-FIT (Peng et al. 2002) to fit Sersic models to the WFC3 H-band images of the galaxies (rest-frame 3600Åat z∼3.4) from which we measure half-light radii (the sample are bright, H<25, which ensures robust morphological measurements). A detailed description of these measurements and also the selection of the LBG samples are presented in sections 2 and 3 of Williams et al. (2014) , and we briefly outline the procedure here.
This sample of LBGs was split into plausible "candidate" progenitors of CPGs, and "non-candidate" LBGs as described in Williams et al. (2014) . The selection of candidate progenitors is based on evidence that any star-forming progenitors must also be compact, since merging and accretion tend to increase the sizes of galaxies (e.g. Hopkins et al. 2008 ). Therefore to identify candidate progenitors, we require that they be of similar size and morphology as the CPGs, and also have high enough SFR that if they quench soon after observation they will meet the CPG selection criteria (Cassata et al. 2013) . It is impossible to know the future star-formation histories of galaxies; however, CPGs have strong constraints on their star-formation histories (SFH), because their low sSFRs implies they must have quenched star-formation >1Gyr prior to the epoch of observation (Kriek et al. 2006 (Kriek et al. , 2009b Onodera et al. 2012; Kaviraj et al. 2013; Gobat et al. 2012; van de Sande et al. 2013; Whitaker et al. 2013) . Therefore, we assumed a projected (future) starformation history for all galaxies (exponentially declining with τ =100Myr so that all galaxies would be passive according to the sSFR criteria of Cassata et al. 2011 Cassata et al. , 2013 with the observed initial SFR, and estimated how much -Photometric and morphological properties of both good quality spectroscopic samples of candidates (red) and non-candidates (dark blue). In light blue (dot-dashed lines) are plotted the distributions of non-candidates once low-mass galaxies are removed, as discussed in the text. The mean masses of red and light blue samples are the same. Histograms: The stellar mass distributions are very similar, while candidates exhibit higher SFRs and smaller half-light radii. As a result, the candidates have higher surface densities of star-formation (top right panel). Bottom right: candidates are more compact (i.e. smaller in size at a given stellar mass). stellar mass would be accumulated from the time of observation until the epoch of CPGs, which we took to be < z >=1.6. We additionally assumed no growth in size. Those LBGs which would meet the CPG selection of Cassata et al. (2011 Cassata et al. ( , 2013 are considered candidate progenitors (from now on referred to as candidates). The candidate selection is primarily based on SFR and size, and to a lesser extent, the stellar mass. In other words, candidates tend to be more compact and a milder tendency to higher SFR. The combination of these two characteristics means that candidates have higher surface density of SFR (Σ SF R ; see Figure 1 for the properties of the subset of candidates and non-candidates with spectroscopy studied in this paper). The average SFRs, stellar masses, and circularized half-light radii, for candidates (non-candidates) in the spectroscopic sample are 520 (170) M ⊙ yr −1 , 9.8 (9.6) log 10 M ⊙ , and 0.9 (1.9) kpc.
Spectroscopy
We use spectra in GOODS-South obtained at the European Southern Observatory's Very Large Telescope (ESO/VLT) as part of the GOODS spectroscopy program with FORS2 (Vanzella et al. 2005 (Vanzella et al. , 2006 (Vanzella et al. , 2008 , VI-MOS (Popesso et al. 2009 ), and the Galaxy Mass Assembly Ultra-deep Spectroscopic Survey with FORS2 (GMASS; Kurk et al. 2009 Kurk et al. , 2013 . At z∼3.4, these optical spectra probe the rest frame UV spectrum of the LBGs, a spectral region rich with diagnostics of the physical state of the ISM. The spectral resolution of these surveys varies between R∼250-1000, corresponding to velocity resolutions of 300-1200 km s −1 . The majority (60%) of the spectra we use in our analysis have R∼660-1000 (velocity resolution 300-450 km s −1 ). The scientific goal of the surveys above were to identify the redshifts of large samples (tens of thousands) of galaxies at z >1, and while there are often multiple identifiable emission or absorption lines, generally the spectra do not have adequate signal-to-noise ratio for detailed studies of the galaxy properties on an individual basis. In the following sections we therefore study the average properties using stacked spectra to maximize signal to noise. We visually inspected each of them, retaining only those of high quality for our final spectroscopic sample. This quality screening is qualitative, including visual identification of absorption and emission lines at the catalogued redshift, and also to some extent taking into account the quality flag published by each survey, whose redshifts may have been estimated using crosscorrelations with galaxy templates rather than obvious lines. We additionally require "good" spectra to have identifiable features which we use to estimate systemic redshifts (see next paragraph). Our final "good" quality spectroscopy sample includes 12 candidate progenitors and 20 non-candidates (27% and 15% of the original samples from Williams et al. (2014) , respectively). The total exposure time in the stacks of each are ∼103 and ∼98 hours, respectively.
Systemic Redshifts
The catalogued redshifts that are published in the spectroscopic surveys were typically measured using spectral lines which are either resonant lines (Lyα) or strong interstellar lines which may be heavily affected by outflows (for example Si II, Si IV and C IV). Therefore these redshifts are unlikely to be systemic (tracing the exact redshift of the galaxy) but rather reflect the redshift of the galaxy, modulated by additional velocities due to the kinematic properties of the ISM. Interstellar absorption lines are often observed blue shifted with respect to the rest transition wavelength due to large-scale outflows in the ISM of high-redshift galaxies. Lyα emission is often observed redshifted, since when redshifted out of resonance Lyα photons may travel freely, and therefore the Lyα may also reflect the properties of outflows (Shapley et al. 2003; Hansen & Oh 2006; Verhamme et al. 2008; Vanzella et al. 2009; Steidel et al. 2010; Kulas et al. 2012) . Lines which trace the systemic redshift, for example photospheric lines which originate in the atmospheres of stars, are generally too faint to be detected in our spectra.
In this section, we document our procedure to estimate systemic redshifts using the UV spectroscopy. We also quantify our expected uncertainty in the systemic redshifts using a subset of galaxies for which systemic redshifts have been published based on restframe optical nebular emission lines, using NIR spectra. These NIR spectra and systemic redshifts come from Fig. 3.-Left Panel: Velocity offset between the midpoint method of deriving the systemic redshift (as described in the text) and the actual systemic velocity from NIR spectroscopy, for individual galaxy spectra. Right Panel: Distribution of velocity offsets when individual midpoint-derived redshifts are averaged (black), which has a mean velocity offset of -42 (solid line) and a standard deviation of 283 km s −1 (dashed lines). In grey are the same measurements when Lyα is excluded from the measurement, whose distribution has a larger mean offset of -193, and standard deviation of 190 km s −1 . In red is the same when measured using the method of Adelberger et al. (2005) , which has a mean offset of 165 km s −1 with standard deviation of 260 km s −1 .
Keck/MOSFIRE (Holden et al. 2014 ) and the Assessing the Mass-Abundence redshift[-Z] Evolution (AMAZE) survey (Maiolino et al. 2008 ) with VLT/SINFONI. We use a comparison of 15 UV spectra of LBGs with published NIR-derived redshifts.
Previous studies have published methods to derive systemic redshifts from rest-frame UV spectroscopy, when no systemic lines are available (e.g. Adelberger et al. 2005; Steidel et al. 2010) . In particular, Adelberger et al. (2005) have used a large sample of LBG at z∼3 with near-IR spectra to estimate systemic redshifts from the UV lines only, for the case where only Lyα is present, both ISM lines and Lyα are detected, and when only ISM lines are detected. This method is based primarily on the observed offsets in velocity between the various UV lines and NIR observed nebular emission lines. These velocity offsets are direct measurements of outflow velocities in the ISM, and therefore these conversions from UV-line redshifts to estimated systemic redshifts will reflect the average outflowing ISM properties of their LBG samples. This means, by using their conversion, we artificially imprint the average outflow properties of their LBG samples on our two galaxy samples, and as we are interested in studying outflow velocities, we approach this method with caution. We seek the best method to derive systemic redshifts from our samples, without any assumptions about the properties of the outflowing ISM.
Our individual spectra often exhibit emission lines immediately redward of broad interstellar absorption, a potential indication of P-Cygni profiles. These are most often seen in C IVλλ1548,1550 and Lyα, but are also observed in other absorption lines (e.g. C IIλ1334, Si IIλ1526; see Snow et al. 1994) . Under ideal circumstances this transition between the blue shifted absorption component and redshifted emission component in the P-Cygni profile is at rest with respect to the stars. This may not strictly be true, since ISM absorption may erode the emission component. However, we test how the redshift measured by this transition between the two components in various elemental species relates to the NIR-derived systemic redshift where available.
We measure these redshifts using a method based on the midpoint between the centroid wavelengths of emission and absorption components. We measure the wavelength of the midpoint between centroids for each observed feature, assuming this "midpoint" wavelength to be at rest with respect to the galaxy, and measure its redshift. The left panel of Figure 3 shows the velocity offset between the predicted systemic redshift from the most common individual features (e.g. Lyα, Si IIλ1260, O I / Si IIλ1303, C IIλ1334, Si IIλ1526, C IV λλ1548,1550) compared with the systemic redshift of the galaxy measured from the NIR. We supplement these measurements with measurements from the Keck/HIRES spectrum of D6 (N. Reddy, C. Steidel, personal communication; Shapley et al. 2003; Steidel et al. 2010) , whose systemic redshift has been derived from NIR spectroscopy (Pettini et al. 1998) . We find that Lyα is the poorest estimator of systemic redshift among our LBG sample, not surprising since the resonant nature of the escape of Lyα photons from a galaxy may mean its transition point is not at rest, and also due to the complication of identifying the absorption component due to the Lyα forest. The measure from the Lyα in the HIRES spectrum of D6 may be better due to the more accurate identification of the P-Cygni absorption component. We also find that transitions of Si II may be poor estimators, possibly due to confusion between P-Cygni emission (if it exists) with fluorescent emission Si II* (if present), which exists at slightly longer wavelengths than would be expected of P-Cygni emission. C IV appears to be a good estimator. The midpoint derived redshift from C IV is relatively accurate, with the mean systemic redshift centered at zero and never deviating more than 500 km s −1 from the rest transition, and is the most frequently observed in our spectra of all features tested here.
In the right panel of Figure 3 , we show how the com-bined information of all available transitions in individual spectra (i.e. the average redshift from each available midpoint) compares with the NIR-derived systemic redshift. The average redshift appears to agree remarkably well with the NIR-derived one. The mean of the distribution of velocity offsets between midpoint-derived redshifts and systemic redshifts is -42 km s −1 , with standard deviation of 283 km s −1 . No galaxy deviates larger than 490km s −1 . Since Lyα is the most deviant in the left panel, we repeat the distribution of velocity offsets with the Lyα midpoint redshift removed from the average. We find that although removing Lyα tightens the distribution to 190 km s −1 , the offset from 0 increases to a mean offset of -193 km s −1 . We therefore conclude that we do not gain a closer estimate to systemic by excluding the Lyα, and it should be included where available.
In addition to testing the midpoint between emission and absorption, we also tested using the transition point between where the emission and absorption components meet the continuum level, and found that this continuum transition point did not trace systemic as accurately as the midpoint, and this may be due to the difficulty in accurately measuring the continuum level in noisy spectra.
For comparison, we have additionally computed systemic redshifts estimated using the Adelberger et al. (2005) method for comparison with the observed NIR redshifts. These are also plotted in red in the right panel of Figure 3 , and find that the Adelberger et al. (2005) have a mean offset of 165 km s −1 , with a standard deviation of 260 km s −1 . This average offset is larger than that derived using the mid-point method with a similar distribution width, and results in multiple galaxies with offsets larger than 550 km s −1 . Therefore, in the remainder of our analysis, we estimate systemic redshifts based on the midpoint method we have outlined here, which we have characterized to be a tracer of systemic with an expected uncertainty of ∼280 km s −1 . Since the main purpose of this paper is to study the relative properties of candidate progenitors, compared to ordinary LBGs, it is therefore very important to use a uniform way to estimate redshift from all galaxies studied here, independent of any assumptions on the properties of outflows in the ISM (e.g. Adelberger et al. 2005; Steidel et al. 2010) . Although individual outflow velocities may not be accurate to more than this velocity uncertainty, we choose this option rather than mixing redshift estimators for different galaxies, which could smear away differences between the samples. Importantly, however, we found that the results of this paper remain if we instead adopt either the Adelberger et al. (2005) method, or, if we combine the mid-point method with the NIR-derived redshift where available when producing the stacks. We found that all qualitative comparisons of the stacks are independent of the choice of the above methods used to convert spectra to the rest frame, and we would reach the same conclusions were we to adopt any of them.
Stacking Procedure
We stack our two samples of galaxies using the following procedure. We first individually de-redshift each spectrum using the estimate of systemic redshift from the mid-point of P-Cygni-like profiles discussed above. We then normalize each spectrum using the median value of the continuum measured between rest frame 1400 < λ < 1500Å. Finally, we stack using the scombine package in IRAF, where we rebinned to a common dispersion (dλ = 0.6Å pixel −1 , rest frame), and performed a 3σ clipping during the stack (although we note that the clipping minimally affected the resulting stack, indicating that there are few significant outliers in terms of the features within our samples). Our final stacks are presented in the top panel of Figure 4 . The bottom panel shows the spectral ratio (candidate stack divided by non-candidate stack). The ratio should be unity for identical features between the two samples, and therefore large deviations from this indicate features which differ. An indication of significance of the spectral differences can be see in the pink region, which is defined by unity plus or minus the combined (in quadrature) sample standard deviations of candidates and non-candidates. These standard deviations are estimated as follows. We repeat the stacks of each sample using jackknife resampling, each time removing one spectrum and stacking the rest. The final sample error on each spectral point is then the standard deviation of the jackknifed stacks. We then combine in quadrature the standard deviations of candidates and non-candidates around unity to make the pink region. We note that the combined region redward of 1250Å is remarkably uniform, indicating the variation in those spectral features from galaxy to galaxy is relatively small. In contrast, the pink region near Lyα is much larger, indicating a diversity of Lyα properties among our samples. The differences in stacked Lyα between the candidates and non-candidates, along with error bars indicating the standard deviation of each stack, can be seen in Figure  5 .
RESULTS

Sample Properties
In the composite spectrum shown in Figure 4 there are many features that are generically visible among LBGs at z∼3-4 (e.g. Shapley et al. 2003; Jones et al. 2012) . There are a variety of high and low ionization lines visible in absorption. First, by comparing the rest-wavelength of these lines (dotted lines) it is obvious that both candidates and non-candidates exhibit outflows, as indicated by the blue shifts in absorption troughs relative to the rest wavelength. In particular, Si II, C II, Si IV,C IV , and Fe II are visible in both spectra. We also see He II in emission, detected in the candidates. The UV spectral slope is redder for candidates than non-candidates, similar to the redder UV observed photometrically in Williams et al. (2014) . Both of the samples show strong Lyα in emission (although it extends beyond the range shown in Figure 4 to emphasize the weaker features in other parts of the UV spectrum, we show Lyα individually in Figure 5 ). The candidates exhibit stronger absorption in Lyα , and their Lyα emission is also more redshifted. As these are stacks and therefore represents the average properties of galaxies selected according to our criteria, we do not focus on specific quantities from each stack. Rather, in the following sections, we will focus on comparing the spectral properties in a relative way.
Because of this relative comparison, it is necessary to Stacks of good quality spectra for candidates (red), all non-candidates (dark blue), and bright and massive noncandidates (light blue) as described in the text. The rest frame wavelengths of various observed interstellar lines are identified with the dashed lines. Bottom panel: spectral ratio of the two stacks (i.e. candidate stack divided by non-candidate stack). Various features which differ between the two samples are highlighted by the ratio, which would be unity for identical features. Pink region indicates unity plus or minus the sample standard deviations of the two samples added in quadrature. Shaded regions indicate two features which depend on metallicity in rest frame UV spectra that will be discussed in section 4.3. test if mass differences between the two samples could produce the relative differences we observe. For example, it is possible that the kinematic properties of the absorbing gas may be a function of luminosity or mass. Additionally, if the mass-metallicity relation persists to z>3 (e.g. Maiolino et al. 2008) , samples which are offset from each other in mass may be more likely to show offsets in metallicity. Both Steidel et al. (2010) and Lee et al. (2013b) have found that velocity offsets between interstellar absorption lines and the systemic redshifts of galaxies are dependent on the baryonic mass of the galaxy. In the top left panel of Figure 1 , the non-candidate sample has a larger low-mass tail than the candidates, although their overall mass range and high-mass distribution are very similar. To explore the dependence of any of our main conclusions on this low mass tail, we repeat the non-candidate stack with a subsample of non-candidates which are more similar to candidates in mass, such that the average mass of the distributions match. We remove all non-candidates whose log 10 M * < 9.6, resulting in a sample of non-candidates with the same average stellar mass as the candidate sample, M star /M ⊙ ∼ 9.8. This high-mass sample includes 14 of the 20 non-candidates. Due to the smaller number of non-candidates which meet this criteria in mass, the noise in the stack is larger. The second (lighter) blue distributions in each panel of Figure 1 shows the sample differences when excluding these lowest mass galaxies. The stack of the high-mass sample compared with the full sample of non-candidates is presented in Figure 6 . We find a slight increase in the equivalent width of some of the interstellar absorption lines (e.g. Si IVλ1393), and a decrease in Lyα emission strength. But, importantly, the comparison with the candidate stack remain unchanged, and thus the main results of this study reported in the next sections would remain unchanged if we used measurements made with this stack instead of the full one.
Our results are independent of any offsets in their mass distributions, and rather reflect intrinsic differences between the candidates and non-candidates. Figure 4 (black), and the stack of the high-mass sample of non-candidates (blue). Interstellar absorption line properties of the high-mass stack are very similar to that of the full sample. The major differences are a decrease in Lyα emission and redder far-UV slope in the high-mass sample.
Kinematic properties
In this section, we focus on the relative kinematic properties of the ISM in the two samples of galaxies, which can be derived from the following observed interstellar absorption lines: Si II λ1260, the O I/ Si II λ1303 blend, C II λ1334, Si IV λ1393 and λ1402, Si II λ1526, and Fe IIλ1608. As can be seen in Figure 4 , the candidates exhibit stronger absorption in the majority of these lines. Visual inspection of several lines shows the candidates have larger velocity offsets. Both of these are also true of the C IV λλ1548,1550 doublet, however due to the asymmetric nature of the P-Cygni profile, which is a combination of stellar absorption and emission, in combination with further absorption by outflowing material in the ISM, we defer analysis of this line to the next section.
We fit gaussian profiles to the seven interstellar lines mentioned above, where the line center, width, continuum level and peak flux density are left as free parameters. The observed and fitted absorption profiles are shown in Figure 7 . (For comparison, the same fits using the high-mass only non-candidate stack is shown in Figure 8 ). We also calculate equivalent widths of each line by directly integrating the line flux in the observed stack. We estimate the error on the equivalent width using the standard deviation of 1000 Monte Carlo simulations generated from simulated stacks produced from gaussian variates of each point according to the rms values in the continuum regions around each line, as measured by IRAF.
We compare the line centroid relative to the rest wavelength of the line, and the line equivalent width in Figure 9 . The top panel of this figure shows the equivalent width vs blueshift of each individual line fit in Figure 7 for both candidates and non-candidates. In the figure we show low and high ionization lines color coded separately, although we do not see that there is any trend with ionization state. It is apparent however that there is a tendency for the absorption lines from the candidate stack to exhibit a stronger blueshift with respect to the rest wavelength than the non-candidates. This is indicative that the velocity of the wind is higher on average among the candidate spectroscopic sample than that of the non-candidates. We show the blueshift compared with the equivalent width. These lines are saturated (e.g. Pettini et al. 2002; Shapley et al. 2003) , and therefore any increase in equivalent width is only weakly related to column density of that gas in the ISM. Rather, the equivalent width is instead an indication of the spread in velocities of the absorbing gas clouds in the ISM. Therefore, Figure 9 indicates that the candidates appear to have faster outflow velocities and also a larger spread of velocities of its gas clouds in the ISM, compared with non-candidates.
We also plot in the right panel the same measurements with a different representation, where each individual line is compared directly between the candidate and non-candidate stack. In other words, the blue shift of any given line (i.e. Si IIλ1260) in the candidate stack is compared directly with the blueshift of that same line in the non-candidate stack. Similarly we compare directly the absolute values of equivalent width in absorption of any given line (scaled 70 times, to be visible on the same axis scale as blueshift. Note that the units on equivalent width are inÅ, not km s −1 ). The one-to-one line would indicate the exact same blueshift or equivalent width measured in candidates and non-candidates for any given absorption line. This figure shows more clearly that in nearly all measurements of blueshift and equivalent width, the candidates show a larger measurement than the non-candidates, indicating that on a line by line basis, as well as globally, candidates exhibit higher velocity winds and stronger equivalent widths than noncandidates.
Since the candidates on average have higher SFRs than non-candidates, we investigate how these wind velocities relate to each other in terms of the differences in SFR. Relations between outflow velocity and SFR have been observed over many orders of magnitude in galaxy SFR, and Martin (2005) identified a relation between outflow velocity and SFR, such that V∝SFR 0.35 . This relation is based on the upper envelope of the distribution of velocity vs SFR for galaxies at z∼1 (the full distribution studied there exhibits a lot of scatter on an individual galaxy basis). Other studies have found similar relationships between SFR and outflow velocity for a variety of galaxy populations (Weiner et al. 2009; Banerji et al. 2011; Song et al. 2014 ), (although still other studies have found that a more significant relationship exists between outflow velocity and surface density of star-formation, see a more complete discussion in Section 4.2). Here, we use the observed relation from Martin (2005) to see if our observed velocity differences and SFRs are consistent with this relation. The relation is given by logV =(0.35±0.06)log(SFR)+(1.56±0.13), where V is outflow velocity in km s −1 and SFR is in M ⊙ yr −1 . We plot this relation in Figure 9 (dashed line), where we use the relation to predict the ratio of the average outflow velocities, given the average SFRs of the two samples. The grey region outlines the region within the uncertainties of the fit parameters for this relation (Martin 2005) . We see that most of the interstellar lines from the two stacks follow this empirical scaling relation between SFR and outflow velocity for galaxies at lower redshifts. Martin (2005) notes that although the upper envelope of the velocity-SFR distribution for the lower redshift sample of galaxies studied there follow this relation, at SFR > 10 the scatter in velocity at a given SFR is huge, and the slope may in fact be shallower. If such a scaling relation exists, and is flatter than that suggested by Martin (2005) and Weiner et al. (2009) , the difference in outflow velocities between our two samples may be more significant than that expected purely from SFR differences using the scaling relation of the upper envelope. Regardless, we find that these outflow velocities are consistent with what is expected given the differences in their SFRs.
These blueshift measurements obviously rely on a robust measurement of systemic redshift in each galaxy, and as discussed previously, the systemic redshift we measure is subject to some uncertainty. With these data this is unavoidable. However, it is possible to get a first order check on our conclusion of the difference in relative outflow velocities between the two samples by comparing Figure 7 , but instead the blue spectra are from the high-mass non-candidate stack. The outflow velocities in candidates are larger than both the full non-candidate sample in Figure 7 and high-mass non-candidate samples.
the net offsets in velocity between the absorption lines and the Lyα. Because Lyα is a resonant line, it is generally seen redshifted with respect to systemic in highredshift galaxies, because Lyα photons which scatter off outflows for example allows the line to redshift out of resonance (Shapley et al. 2003; Steidel et al. 2011) . Indeed, LBGs generically show a difference in velocity between Lyα and interstellar absorption lines that is smaller than the difference between rest wavelengths, suggesting Lyα scatters off outflows in the background of galaxies (i.e. moving away) and interstellar lines absorbed by outflowing gas in the foreground (i.e moving towards us). Therefore this net velocity difference reflects the actual outflow velocity independent of the systemic redshift, with smaller net wavelength difference indicating faster outflows (although we note that the observed wavelength of Lyα may not trace the exact outflow velocity and is not systemic). As can be seen in Figure 5 , both samples exhibit Lyα profiles which are redshifted, as would be expected if it traces outflowing gas and must be redshifted out of resonance in order to travel freely. It is clear that the candidate Lyα profile exhibits a larger redshift, whereas the non-candidates the Lyα profile closer to the rest wavelength. In Figure 10 , we plot a histogram of the velocity difference between the peak wavelength of the Lyα profile, and the Gaussian centroid of the interstellar absorption lines. This figure shows that the net offsets in velocity differ significantly between the two samples, with the candidates showing larger relative velocities between interstellar absorption and Lyα emission, independent of systemic velocities. Fig. 9 .-Left panel: equivalent width vs the blueshift of that line's centroid for all the absorption lines plotted in Figure 7 . Lines from the candidate spectra are plotted in salmon (low ionization lines) and red (high ionization lines), and for non-candidates, cyan (low-ionization) and blue (high ionization). Candidates tend to show higher velocity blue shifts than the non-candidates, indicative of faster wind velocity in the ISM, and larger equivalent widths, indicating higher covering fraction and/or larger dispersion of velocities of absorbing interstellar clouds. Right panel: The same data as the left panel, but this time each line property measured from the non-candidate spectrum is plotted against the corresponding line property measured from the candidate spectrum. Each point represents a different absorption line. Those line properties are: blueshift of low ionization lines (purple), blueshift of high ionization lines (blue), equivalent width of low ionization lines (orange) and equivalent widths of high ionization lines (red). equivalent width measures have been arbitrarily multiplied by 70 so as to be plotted on the same figure, and have unitsÅ. A point on the one to one line (black) would indicate that the measured property is the same between the two samples. Shaded region represents the fit from Martin (2005) for outflow velocity as a function of SFR. Measurements are larger in the candidate spectrum relative to non-candidates (i.e. lines are more blue shifted, or higher equivalent width). Figure 9 . Candidates (red) show larger velocity offsets, indicative of overall faster outflows than non-candidates (blue).
Lyα properties
As is clear from the large jackknifed error bars on the stacks in Figure 5 , which reflect the variation among the individual spectra, the LBGs making up both our samples exhibit a variety of Lyα properties. In the candidate stack, three galaxies lack Lyα coverage, and of the remaining, about half exhibit Lyα in emission (one weak detection, two with detected Lyα in excess of the average and two with detected Lyα below the average). Of the non-candidates, one galaxy lacks Lyα coverage, and 9 show well detected Lyα emission, 4 have weak detections, and 6 are not detected. To summarize, roughly half of each sample with Lyα spectral coverage has Lyα in emission and the other half in absorption. This is in good agreement with the global statistics observed among LBG at z ∼ 3 in general, in which roughly half have Lyα detected in emission (e.g. Shapley et al. 2003) . Thus, although the two samples of spectra that enter in both stacks are relatively small, we do not believe that small-number statistics is significantly affecting the average properties of each LBG sample as represented by the two stacks.
Since the SFR and overall UV spectra of the two samples are similar, the differences between their Lyα lines very likely reflect differences in the coverage and conditions of neutral Hydrogen in the ISM. As discussed previously, we observe the candidate Lyα profile to be more redshifted than that of the non-candidates, which may be reflective of the larger outflow velocities we observed in the previous section. However, the presence of Lyα emission blue shifted with respect to the rest wavelength may indicate the escape of Lyα photons through patchy or ionized foreground ISM (e.g. Heckman et al. 2011) or be an indication of infall (e.g. Kulas et al. 2012) . In this section, we describe our measurement of the equivalent width of the Lyα line, and present analysis based on this measurement.
In addition to being characterized by redshifted emission, the Lyα line in our samples, like all galaxies at similar high-redshift, is characterized by asymmetric profiles, including some blue shifted emission, as well as blue shifted absorption. Measurement of the intrinsic equivalent width of Lyα at high-redshift is complicated by additional intervening absorption due to neutral Hydrogen in the circum-galactic medium of the galaxy and by the Lyα forest. This extrinsic absorption, i.e. not intrinsic to the galaxy itself, makes defining the blue ward edge and shape of the Lyα profile highly uncertain. To ensure an equal comparison with previous measures in the literature, we adopt a similar procedure to that , we have reproduced their measurement of Lyα equivalent width of 14.3Åusing a continuum level defined by the mean value between rest wavelengths 1225-1235Å, and where the bounds for the line are defined as follows. The red ward edge of the Lyα profiles is defined by where the flux in the line meets the continuum level, and the blue ward edge is defined to be as far from the rest wavelength of Lyα as the point where the red side of the profile hits the continuum, i.e. we use for the blue side of the line the same half-width at zero level observed for the red side. We found that this procedure reproduced the documented equivalent width in Shapley et al. (2003) for their LBG stack within our error on the equivalent width. We estimate our error on the equivalent width as described in Section 3.2, except we use the jackknifed error on the stack to produce gaussian variates on the stack, since this error is much larger than the continuum rms in the vicinity of Lyα. Following this procedure, we find that the candidate stack is characterized by much stronger Lyα equivalent width (20.8±2.1Å) than the non-candidate stack (13.3±0.8Å). Furthermore, we note that non-candidates exhibit a larger equivalent width of blue shifted Lyα than the candidates, and makes up a higher fraction of the total equivalent width in Lyα (about 15%, compared to 7% in the candidate stack).
We compare our measurement of Lyα equivalent widths to the general trend of equivalent widths in Lyα and low-ionization interstellar absorption lines found among z>3 LBGs in Figure 11 , which is adapted from Jones et al. (2012) . The figure shows that, in general, the Lyα equivalent width correlates with the equivalent width of low-ionization interstellar absorption lines. The sense of the correlation is that the larger the equivalent width of low-ionization interstellar absorption lines the smaller the emission equivalent width of Lyα, or the larger the absorption equivalent width of Lyα (Shapley et al. 2003; Vanzella et al. 2009; Jones et al. 2012; Berry et al. 2012) . This is generally interpreted to indicate that Lyα is present in galaxies with patchy neutral covering fraction of gas in the ISM, or clumpy ISM (e.g. Shapley et al. 2003; Quider et al. 2009; Jones et al. 2012 Jones et al. , 2013 , since for Lyα to escape the galaxy it must travel freely without neutral hydrogen in the foreground. Alternatively, Lyα can escape if it is redshifted out of resonance (e.g. Verhamme et al. 2008; Steidel et al. 2010 ). Figure 11 also shows the general relation between the equivalent widths of the low-ionization ISM lines and Lyαfor z∼4 LBGs that have been split into bins according to each of the following properties; equivalent width of Lyα (W Lyα ), UV luminosity (M UV ), stellar mass (M*), UV slope (β), and SExtractor half-light radius (r h ). The cluster of colored points at low Lyα equivalent width are the half of z∼4 galaxies which are each the brightest, more massive, redder UV slope and larger radii. Jones et al. (2012) note that all trends in Figure  11 with galaxy properties listed above are due to their correlations with either the neutral gas covering fraction, or the kinematics in the ISM.
The non-candidate stack has interstellar absorption and Lyα emission consistent with the general trend of z∼3 LBGs. However the candidate stack does not, and instead has stronger Lyα emission than expected given the large (negative EW) absorption. Differences in morphology appear to correlate with this trend, as can be seen by the purple points in this figure. When split by half-light radius, larger galaxies make up the low equivalent width of Lyα part of the trend, while small galaxies have stronger Lyα. Vanzella et al. (2009); Law et al. (2012) find a relationship between Lyα and half-light radius, such that smaller galaxies are more likely to have Lyα in emission (see also Malhotra et al. 2012 ), although Pentericci et al. (2010) find no dependence of Lyα properties and UV morphology. Our two samples are not explicitly split in size, they are roughly split in the mass-size diagram (see Figure 1 ) and therefore comparison in the context of the trend with galaxy size may be complicated by the overlap in their size distributions. However, if we compare the candidates to galaxies in the small size bin, the discrepancy between the candidates and the LBG trend of Lyα and low-ionization lines becomes even larger. Given their smaller size on average, it might be expected that candidates should exhibit weaker interstellar absorption than non-candidates (although we note again that the results of Jones et al. (2012) suggest that other galaxy properties are not the major cause of the trend in interstellar absorption and Lyα emission). The candidates, however, are not just smaller, they are denser and have a generally larger stellar mass and star formation rate such that, if they quench soon after z ∼ 3, they are passively evolving by z ∼ 2 and have stellar mass M > 10 10 M ⊙ . We will discuss plausible interpretations of this strong deviation among candidates in Section 4.
X-ray properties
In this section, we investigate any evidence in the data that either sample is affected by AGN activity. In Williams et al. (2014) , the X-ray and infrared properties of the parent samples of candidate and non-candidate LBGs were studied. Only 3 non-candidates were detected in the Chandra 4 Ms data, and X-ray stacking indicated no statistical difference between the two samples. Additionally stacks in the Spitzer 24µm and Herschel 100µm images indicated no significant average IR emission among candidates, and a minor (4σ) 24µm detection among non-candidates, i.e. possible evidence of marginally larger dust obscuration. For the spectroscopic subsamples studied here, no galaxies are X-ray detected, 3 galaxies are detected in the 24µm images (2 candidates, 1 non-candidate) and one of those two candidates has a 100µm detection based on the 24µm position. The high number of non-detections may very well be due to the fact that fluxes at these wavelengths for z>3 galaxies are below the detection limits of the survey, rather than indicating a lack of (faint) AGN presence. To test for this possibility we have repeated the X-ray stacking in the Chandra 4 Ms imaging for this subsample of LBGs as in Williams et al. (2014) . We find that the spectroscopic candidates show a very marginal detection in the soft band only, with only 1.6σ significance. The average luminosity implied is 3.8x10 41 erg sec −1 cm −2 , too low to be the result of AGN activity. There is no significant detection in the hard band, suggesting that the soft-band detection, if real, is most likely due to star formation rather than AGN activity. The non-candidate sample do not show significant stacked signal in either band.
3.5. C IV and He II Properties Figure 12 shows that candidates have larger equivalent width of C IV both in the absorption and emission components of the P-Cygni profile, as well as He II in emission. The non-candidate spectrum however, exhibit smaller equivalent widths in both absorption and emission components of C IV and have no detected He II in emission. We list the measured equivalent widths for each sample in in Table 1 . In this section, we present analysis of AGN contribution and constraints on the properties of their stellar populations based on these two features in the spectra of the two samples.
Emission lines and AGN
The presence of AGN can be identified by broad emission lines, and assessed using a host of emission line diagnostics (Baldwin et al. 1981; Veilleux & Osterbrock 1987; Dopita & Sutherland 1996; Kewley et al. 2006) . Unfortunately without rest frame optical (observed nearinfrared) spectroscopy we miss a large set of potential emission line probes of AGN. Rest frame UV spectroscopy of narrow-line and broad-line AGN have been studied among the LBG samples in Steidel et al. (2002) ; Hainline et al. (2011) . The stacked spectra of these LBGs with AGN differ significantly from either of our samples, in that they exhibit strong and broad emission in many high ionization lines including N V N IV ], and C IV and also the low ionization line He II . We detect neither N V nor N IV ]. We detect both C IV and He II in emission in the candidate spectrum, but their properties are very different from what is observed in AGN. The C IV emission is clearly a P-Cygni profile and, like He II is commonly observed among star-forming galaxies and lacks the strong and broad emission characteristic of AGN. We compute the ratio of the equivalent widths of C IV and He II to compare with typical AGN values.
We find an equivalent width ratio of C IV to He II of 0.5±0.1, well below the AGN diagnostic ratio > 1.5 for narrow-line AGN and high-redshift radio galaxies (McCarthy 1993; Corbin & Boroson 1996; Humphrey et al. 2008; Matsuoka et al. 2009) , showing that even if an AGN were present, it would be very weak and in any case not a significant contributor to the emission lines.
As a comparison, Hainline et al. (2011) find that the equivalent widths of C IV and He II in a composite spectrum of narrow-line AGN in LBGs at z∼2-3 would yield a line ratio of ∼2±0.2, well in excess of what we find in the candidate stack. Their subsample of AGN which have Lyα equivalent width < 63Å, which is their subsample of AGN with the weakest emission lines and the lowest C IV/He II ratio, is still in excess of what we find, with a ratio equal to 1.5±0.4). Although this may not be a conclusive rejection of AGN presence in these galaxies, to the best of the ability of the data we have available, we do not see obvious evidence that either sample is dominated by AGN activity. Further exploration of this possibility will be possible with NIR spectroscopy, to access the rest-frame optical emission lines in these galaxies.
Contribution from massive stars and their properties
Both the C IV P-Cygni feature and the He II emission line, which originate from WR and other massive stars, are specifically related to the stellar metallicity, because the higher opacity results in increased radiation pressure (Vink & de Koter 2005) . Additionally, the mass loss rates for WR stars appear to be metallicity dependent, with higher mass loss rates for increased metallicity (Vink & de Koter 2005) . Thus, the ratio of WR stars to O type stars correlates with metallicity, in the sense that at higher metallicity, more O stars evolve through a WR phase because the mass threshold for evolving through the WR phase is lower. At lower metallicity the threshold for a WR phase is at a much higher mass, and therefore, for a given initial mass function (IMF), fewer stars will become WR (Maeder 1991; Meynet 1995; Crowther et al. 2002; Gräfener & Hamann 2005; Meynet & Maeder 2005; López-Sánchez & Esteban 2010) . Therefore, an increase in the metallicity of a galaxy increases the likelihood of observing WR-associated features (Brinchmann et al. 2008b,a) .
The presence and luminosity of the He II emission line in the spectra of WR stars also depends on the metallicity (Crowther & Hadfield 2006) , and in lowmetallicity WR stars, the line may be absent altogether. Brinchmann et al. (2008b) find that in an (instantaneous) starburst model, the He II emission from O-type stars will increase until the emission peaks during the WR phase of the stars formed in the burst. In the case of continuous star-formation, however, the equivalent width of He II will eventually plateau at equivalent width ∼1.5Åuntil star-formation ceases, provided the metallicity is at least half solar (Brinchmann et al. 2008b) . It is interesting to note that in Table 1 we measure an equivalent width in He II of 1.9±0.3Å, roughly consistent with their value. In any case, the presence of the line in the candidate average spectrum and its absence in that of the non-candidates suggests that the former have higher metallicity than the latter, in agreement with the relative strength of the C IV feature.
In the rest of this section, we investigate evidence for metallicity differences using what indicators we have available in the rest frame UV. Rix et al. (2004) established a variety of UV metallicity indicators, based on photospheric blends of iron in massive stars (the 1978Å index).
Due to the highredshift of our galaxies and relatively noisy spectra, we do not have good signal to noise in this spectral region of our stacks. Other metallicity indices exist based on photospheric blends between 1370-1500Å (Leitherer et al. 2001; Rix et al. 2004; Sommariva et al. 2012) , in regions of our stacks with higher signal-tonoise. These indices have been used as metallicity indicators using bright lensed LBGs (Quider et al. 2009 (Quider et al. , 2010 Dessauges-Zavadsky et al. 2010) , and also on a stack of 75 spectra at z∼2 (Halliday et al. 2008) . It is unclear if with the noisiness of the continuum in our stacks and the redshift uncertainties that these would provide robust measures of metallicity. However, as mentioned above, stellar wind lines in the UV are metallicity dependent, and Keel et al. (2004) also noted the metallicity dependence of the C IV P-Cygni profile properties in observations, very similar to those in spectral synthesis codes (Rix et al. 2004; Eldridge & Stanway 2009) , such that both the absorption and emission components increase their equivalent width with increasing metallicity. Such properties of the winds of hot massive stars, and their variation with metallicity, have been incorporated into the Starburst99 library of theoretical UV spectra (Leitherer et al. 1999 (Leitherer et al. , 2010 ).
Although it is not possible to use the exact equivalent width to estimate the average metallicity of the galaxies in the stack using these models, we can use them in a relative way to try to estimate how much more metal rich the candidates may be than the non-candidates, based on their stellar wind signature. To illustrate further the dependence on metallicity of both the emission and absorption component of the C IV P-Cygni profile in (purely stellar, excluding interstellar absorption) spectra, we have calculated the equivalent width of both components in Starburst99 models of varying metallicity. We have generated models at the five metallicity intervals available (0.05, 0.2, 0.4, 1, 2 Z ⊙ ) with continuous star-formation at an age of 60 Myr. We convolve the model spectra with a gaussian of FWHM matching that of our observed VLT spectra, and calculate the equivalent width in both the emission and absorption components of C IV from each model. To illustrate the variation in C IV properties between any two models of differing metallicity, we calculate the equivalent width ratio (i.e. equivalent width of C IV 1 / equivalent width of C IV 2 ) and plot it as a function of metallicity ratio, Z 1 /Z 2 in Figure 13 . The left panel of Figure 13 shows this for the stellar C IV absorption component from the models (points), where it is obvious that the equivalent width ratio in stellar absorption is strongly correlated with the metallicity ratio. The equivalent width ratio is related to the metallicity ratio as a well-fit power-law. The C IV absorption in our spectra, however, are a blend of both stellar absorption as in the Starburst99 models, but also interstellar absorption, and from these data it is impossible to separate the two components. Therefore, we cannot use the measured C IV absorption as an estimate of metallicity.
The emission component, however, both in the models and our observed stacks is indeed stellar in origin. In the right panel of Figure 13 , we repeat the same comparison for the emission component. The variation in equivalent width of the emission component is a bit more complicated than the absorption, but a trend of increasing equivalent width with metallicity is still apparent. We measure the observed ratio of equivalent width in the C IV emission in the candidate stack to that of the noncandidates, and include this as a horizontal line in the right panel of Figure 13 . The dashed lines represent the propagated errors from the equivalent width measurements. Although the complicated nature of the equivalent width ratio of emission as a function of metallicity ratio precludes a robust translation of equivalent width ratio to value of metallicity ratio (as for example might be possible using the linear fit to the absorption component), the intersection of the observed ratio with the relation from the models clearly corresponds to a ratio larger than 1, indicative that the candidates have larger metallicity than non-candidates.
Although the emission components of C IV are stellar in origin, their equivalent width may be eroded by interstellar absorption near systemic, and it is impossible to tell if it preferentially does so in one sample vs the other. Therefore, we see if the C IV absorption component at least agrees with our conclusion of increased metallicity after some simple assumptions.
In both stacks, C IV absorption equivalent width exceeds that of the other ISM lines on average by a factor of two, indicative of the additional contribution of stellar absorption. To compare the measured absorption component of C IV equivalent width from the stacks to the Starburst99 models, we first use the other ISM absorption lines as proxies for the interstellar component in the absorption of C IV. We do this two conservative ways. We first subtract an estimate of the contribution to the equivalent width from interstellar absorption using the largest equivalent width for the high-ionization line Si IV, which comes from the Si IVλ1393 line in both samples. We then calculate the equivalent width ratio of candidates to non-candidates, using these ISM-corrected stellar C IV equivalent widths. This result, with the propagated errors on the equivalent width measurement, is shown as purple horizontal lines in the left panel of 13. We repeat the ISM-corrected equivalent width ratio using a more conservative estimate of the ISM contribution, by using the largest equivalent width of all ISM lines we measure, that of the blend O I/Si IIλ1303 (orange). We find that in both cases, the ratio of equivalent widths imply that candidates are more metal enriched relative to non-candidates, by at least a factor of 2, and quite possibly larger, in agreement with the findings from the emission component.
DISCUSSION
The observations that we have presented are concordant in showing that 1) the candidates exhibit more energetic feedback than the non-candidates in the form of faster and more turbulent outflows; 2) the candidates have more intense Lyα emission along with strong interstellar absorption, significantly deviating from the general trend of LBGs, pointing to a distribution of H I that is more conducive to the escape of Lyα photons than in the non candidates; 3) the candidates have larger metallicity than the non-candidates. We now discuss these three lines of evidence in more detail. Figures 5 and 11 show that on average the candidates exhibit strong, redshifted Lyα emission, in combination with large equivalent width of interstellar absorption lines, characteristics which strongly deviate from the overall trend observed in LBGs at z ∼ 3. Strong Lyα emission may escape a star-forming galaxy if the ISM has patchy distribution around the production regions, i.e. if there are holes punched in the neutral medium by ionizing sources, or, if the line is generated in the receding part of the outflow and is redshifted to an extent that its wavelength is too long for resonant scattering by the intervening ISM. In this section, we discuss the evidence for each of these processes in our samples, and the implications they have for energizing the ISM.
Evidence for differences in feedback in the ISM
Holes in neutral gas and covering fraction
Evidence of holes in the ISM of very compact starforming galaxies has been reported by Heckman et al. (2011) , who have studied local analogs to LBGs with high-resolution UV spectroscopy. The authors found that among galaxies that exhibit significant leakage of Lyα, and also of ionizing radiation, 75% also contain a very compact star-forming region (identified as a dominant compact object; DCO). The interpretation is that holes in the ISM, presumably created by feedback in the dense environment, allow both ionizing and Lyα photons to escape. As a consequence, they also observed that the stellar continuum partially filled in absorption lines. In these cases, the Lyα emission is observed as either a single peak Lyα line with significant flux blueshifted relative to the resonant wavelength of the line, or, as a doublepeaked line with the secondary peak located blue ward of the resonance wavelength. Between 30 and 75% of the Starburst99 models [age = 60Myr] Ratio Candidates / non-candidates Metallicity ratio = 1 Fig. 13 .-Metallicity is related to equivalent width (EW) of C IV, such that equivalent width increases with increasing metallicity. The relationship between EW of C IV and metallicity is quantified using Starburst99 models (Leitherer et al. 2010 ) of varying metallicity generated as described in the text. Left panel: The relationship between the ratio of equivalent width in C IV (absorption component) for any two Starburst99 models as a function of the ratio of the metallicities of those models (points). Each diamond point represents the ratio of equivalent width in C IV absorption of two models, as a function of the metallicity of ratio. The observed ratio in C IV equivalent width of candidates to non-candidates (stellar absorption component, with approximate ISM contribution removed), is indicated by the horizontal lines (purple lines are the ratio where the ISM contribution is taken from the Si total emission equivalent width of the line is contributed by wavelengths bluer than resonance. Galaxies with no filled-in interstellar lines and no leaking ionizing radiation have no Lyα emission at wavelengths bluer than the resonance one.
Our candidate sample is similar to that of the DCO, in that their Σ SF R are of similar order (the DCO have SFR ∼ 10 1 M ⊙ yr −1 and radii ∼100pc), and velocities from ISM line centroids in excess of 700 km s −1 . In both stacks, despite being redshifted relative to the resonance wavelength by several hundred km s −1 we still observe some Lyα emission at wavelength bluer than the resonance one. However, we found a lower fraction of the emission equivalent width is contributed by these blue wavelengths compared to the galaxies in Heckman et al. (2011) . Specifically, we find 7% for the candidates and 15% in the non-candidates, which suggests that the distribution of H I around the regions of Lyα production has holes.
We do not observe any obvious filling-in of the interstellar lines as observed in the spectra of the leaking DCOs, although this could be an effect of the lower resolution of our spectra compared to those by Heckman et al. (2011) . In low resolution spectra such as ours, however, the equivalent width of saturated absorption lines, like the low-ionization metal lines that we are considering here, does not depend on the column density of the absorbing trough but on the velocity spread of the individual clouds. Thus, it is possible that any fill-in of the lines is diluted at our resolution and lost in the general velocity field of the trough.
Whether or not this difference in Lyα properties between candidates and non-candidates is due to a difference in the neutral gas covering fraction is difficult to say. In both samples, the fraction of blue shifted Lyα is uncertain due to the uncertainties in the systemic redshift estimates. In the case of the candidates, the majority of the Lyα emission is strongly redshifted, which may indicate that the emergence of the Lyα flux is modulated significantly by outflows. We will discuss evidence for this point in depth in Section 4.1.2. Nevertheless, a difference in the H I covering fraction between our samples is qualitatively consistent with the morphologies shown in Figure 2 . This figure illustrates the differences in morphology between our samples with rest-frame UV (tracing star-forming regions) and optical color (tracing the stellar distribution) composites. Non-candidates generally appear to be less concentrated, with more extended and disturbed morphologies, and most importantly often show the presence of UV flux from unobscured star-forming knots. Meanwhile, the candidate sample are characterized by smaller half-light radii and steeper Sersic indices (n>2) (Williams et al. 2014) , indicative of dense bulge-like stellar distributions. Thus, it is worth noting that the differences we observe in the ISM as probed by the Lyα properties could be related to morphology. Previous studies have found links between ISM properties, outflows and morphology. Law et al. (2012) found that larger LBGs in general may exhibit a decreased gas evacuation efficiency from feedback based on their measurements of less strongly ionized outflows, and larger optical depth of gas at the systemic redshift of the galaxies. They also found the largest outflow velocities from the smallest galaxies. Our results are qualitatively in agreement with this finding. Furthermore, if the gas distribution traces that of the forming stars, then the compactness of the candidates may imply that the larger energy density (both radiation density and density of the outflows) from such compact stellar distributions has a preferentially larger cross-section with the total ISM distribution (Heckman et al. 2011) , and thus impact on the future activity of star formation, compared to the patchier more extended distribution non-candidates.
Redshifted Lyα
The stronger interstellar absorption of the candidates implies a larger spread of velocities in the absorbing trough, which in turn suggest that their gas kinematics is more turbulent than the non-candidates, likely as the result of a more extreme feedback in their denser environment. This is also in qualitative agreement with the faster velocity of the outflow of the candidates. The relatively exceptional ISM of the candidates is illustrated in Figure 11 , which shows that while the equivalent widths of Lyα emission and interstellar line absorption of the non-candidates follow the general trend observed for LBG at z ∼ 3-4, the candidates markedly deviate from it because their Lyα emission is too strong given the amount of interstellar absorption. In fact, given the equivalent width of the interstellar lines of the candidates, their Lyα should have been observed in absorption had they followed the general trend.
Another evidence that the Lyα emission from the candidates is, on average, significantly different from that of the general LBG population is illustrated in Figure  14 (adapted from Shapley et al. 2003; Shibuya et al. 2014 ). This figure shows another trend characteristic of both LBGs and also Lyman-alpha emitters (LAEs) at 2<z<3, which is that the velocity offset between Lyα and ISM absorption lines decreases as the EW of the Lyα increases. Galaxies with stronger Lyα emission exhibit lower velocity offsets, whereas galaxies with Lyα in absorption exhibit the larger velocity offsets. Other studies find similar trends (Vanzella et al. 2009; Jones et al. 2012; Song et al. 2014) , although Berry et al. (2012) do not find this correlation very significant on an individual galaxy basis, presumably due to the larger scatter in the measurements from individual spectra. Our two average spectra show that while the non-candidates are in very good agreement with this general trend, the candidates strongly deviate from it, in the sense that their average velocity offset (the mean value of all lines from Figure  10 is ∼970 km s −1 ) is much larger than that of the other galaxies given the observed Lyα strength. Again, given the observed velocity spread, the Lyα of the candidates should have been observed in absorption had the general trend be followed 1 . We suggest that winds accelerated to very high speed very close to the galactic center, in combination with fast outflows could produce the deviation from the global trend of LBGs.
The redshifted, high equivalent width Lyα seen among candidates could also be a result of Lyα scattering off HI in the immediate circumgalactic medium, and in particular, the outflowing gas. Diffuse Lyα halos have been seen among LBG at z∼3, regardless of their spectroscopically determined Lyα equivalent width (i.e. emission or absorption; Steidel et al. 2011) . These diffuse halos are faint relative to the UV continuum emitted by the central galaxy but appear to be generically present, independent of the morphological properties of LBG. In some cases, 1 We noted in Section 2.3 that were we to adopt other methods of deriving systemic redshifts, we would still arrive at all our main conclusions. This is not entirely true in the case of the Lyα velocity offset relative to the interstellar absorption lines; using the method of Adelberger et al. (2005) , the mean velocity offset measured from the candidate stack decrease to ∼560 km s −1 , and is identical to non-candidates. This is expected, as this method assumes all our galaxies have the same average velocity offsets of their galaxy sample, and ignores inherent differences between our two samples. We still detect faster outflows from the ISM lines themselves compared to non-candidates using the Adelberger method, however, the candidates' deviation from the overall LBG trend in Lyα equivalent width and velocity difference is smaller. However, the high equivalent width of Lyα remains.
the total Lyα flux from halo regions between 2-4 arc seconds around the galaxies is similar to that being emitted from the central 2" (see Hayashino et al. 2004 ). The main driver of the Lyα emission in the halos is likely the fraction of photons that are able to escape the central regions .
The faintness of these diffuse halos can to some extent be attributed to a decreased density of the outflowing neutral gas with radius as the outflow increases volume, and the fact that escaping Lyα photons end up distributed over the much larger projected area of the halo. A simple model of such outflowing media was outlined in Steidel et al. (2010) , who showed that scattering of Lyα photons off circumgalactic gas in a high velocity, spherically symmetric outflow with a uniform velocity field (i.e. independent of galactocentric radius) and a covering fraction which is radially dependent could explain the redshifted Lyα emission seen in LBGs. In this context, it is possible that the high-velocity outflowing medium immediately surrounding the candidate galaxies at small galactocentric radius could be capable of redshifting the Lyα we observe. As discussed in Steidel et al. (2011) , if strong Lyα is observed in combination with strong interstellar absorption, the two must be originating from physically distinct regions, or the Lyα would be modified (e.g. the global trend in Figure 11 seen by Shapley et al. 2003; Jones et al. 2012) . It is possible that, due to the strong outflowing medium in combination with the compact sizes of our galaxies, that dense, outflowing circumgalactic material at small galactocentric radius may scatter sufficient Lyα to reproduce the Lyα profiles we observe.
Mapping scattered light from outflowing material outside the ISM of the galaxy may confirm or reject this interpretation either through narrow band imaging or spectroscopy (e.g. Steidel et al. 2011; Martin et al. 2013) . We conclude based on this data that the deviations of candidates from the trends of LBGs in terms of their Lyα properties and other ISM properties is an indication of fast winds, suggestive that feedback is very effective in compact LBGs.
Implications
Taken all together, the larger outflow velocity of the candidates, their larger velocity field as traced by the strength of the interstellar absorption, the presence of significant Lyα emission blue ward of the line resonant wavelength as well as the overall strength of the Lyα emission lines, delineate a scenario where the ISM of these galaxies is subject to a more extreme form of feedback compared to the non-candidates and the general LBG population. This feedback would accelerate galactic winds to higher speed at shorter distance from the galaxy center than in non-candidates (so that the surface brightness of the line remains high and contributes to observed flux) and create a patchy distribution of neutral hydrogen such that Lyα photons can escape, including those close to the resonance wavelength or even blue ward of it. The more extreme feedback also produces a generally more turbulent ISM. Since the candidates differ from the non-candidates for being more compact, and having higher surface density of star-formation, their more extreme feedback might be the result of the denser environments where star formation takes place. We will discuss this point in depth in Section 4.3.
The origin of faster winds among candidates
In Section 3 we presented evidence that the LBG studied here have fast (>400 km s −1 ) outflows, with systematically faster outflows (line centroids up to ∼800 km s −1 ) and significantly larger equivalent width seen among candidates. Understanding the origin of these outflows is important in the context of star-formation quenching. The presence of these strong winds in candidates, which are clearly more powerful than those in more normal SFGs of similar mass at similar epoch, i.e. the non-candidates, is an indication that the conditions in the ISM of candidates may be more hostile to cold gas, and lends support to the hypothesis of Williams et al. (2014) that the candidates may quench sooner than normal SFGs. In this section, we discuss the plausible origins for these outflows.
Conventionally AGN have been attributed to the generation of fast (∼1000 km s −1 ) winds (Trump et al. 2006; Tremonti et al. 2007; Sturm et al. 2011; Rupke & Veilleux 2013; Gabor & Bournaud 2014; Genzel et al. 2014) , but see also Coil et al. (2011) . For candidates, the properties of emission lines from our limited data do not indicate evidence of a detectable AGN. The rest-frame UV spectroscopic properties of AGN among LBGs at z∼2-3 have been studied by Steidel et al. (2002) ; Hainline et al. (2011) , and do not share similar properties with our candidate sample. If an AGN is present but obscured, this could prevent its presence from being detected in the He II / C IV emission line ratio. In a recent analysis of a compact post-starburst galaxy from the sample of candidate progenitors of local passive galaxies ), Cemile Marsan et al. (2014 do find evidence of an obscured AGN using rest frame optical emission lines. Their galaxy, like ours, is not X-ray detected, and has a similarly small C IV / He II emission line ratio (∼0.8).
However, Rupke et al. (2005) ; Krug et al. (2010) found that obscured AGN do not launch high-speed large-scale outflows, and rather only launch local outflows near the central black hole. Further analysis including restframeoptical spectroscopy will be necessary to investigate further the presence of AGN and its effect in driving winds in compact LBGs.
Whether or not star-formation driven (or supernova driven) winds are capable of halting star-formation on galaxy scales is still a matter of debate. Starburst driven winds often occur with lower velocities (∼500km s −1 , e.g. Fabian 2012 ). However, evidence that star-formation can launch high velocity winds is accumulating, especially at high SFR surface densities, (Heckman et al. 2011; Diamond-Stanic et al. 2012; Bradshaw et al. 2013; Sell et al. 2014) .
Our candidates have on average larger SFRs (although overlapping distributions in SFR), but have distinctly higher surface density of star-formation (see Figure 1) . As discussed in Section 4.1, their surface density of SFR are similar to those of the DCO, whose outflows were determined to be star-formation driven (Overzier et al. 2009; Heckman et al. 2011) . Therefore it is possible that the surface density of star-formation is related to our detection of differences in outflow velocities. (Nevertheless, as we showed in Section 3, our data is also consistent with the scaling relation presented in Martin (2005) between velocity and SFR.) Based on conflicting evidence in the literature, it is unclear if outflow velocities in SFGs are universally correlated with SFR or SFR surface density (Martin 2005; Rupke et al. 2005; Erb et al. 2012; Weiner et al. 2009; Sato et al. 2009; Rubin et al. 2010; Steidel et al. 2010; Chen et al. 2010; Kornei et al. 2012; Law et al. 2012; Bordoloi et al. 2013; Lee et al. 2013b; Song et al. 2014) .With this data it is not possible to identify whether star-formation or surface density of starformation is more strongly correlated with outflows in our galaxies.
Our detection of significant populations of massive evolving stars (i.e. the WR population), which currently affect the ISM with their strong winds, is consistent with this idea that the outflows we detect are star-formation driven. The feedback from radiation and winds of the massive stars themselves (while on the main sequence) is especially significant at high stellar surface densities, leading (Hopkins et al. 2010) to conclude that feedback from massive stars sets a limit on stellar surface densities in galaxies (Σ max ∼10 11 M ⊙ kpc −2 ; similar to that observed in z∼2 ultra-compact passive galaxies Cassata et al. 2011 Cassata et al. , 2013 . These WR stars are expected to form SNe on short timescales. It has been shown that SNe from concentrated groups of young stars, such as that in large star-clusters, may be more effective at evacuating gas than isolated SNe (e.g. Murray et al. 2011; Nath & Shchekinov 2013; Sharma et al. 2014 ). Therefore, in such compact galaxies as our candidate sample, the compact stellar configurations of both the massive stars and SNe could thus be very effective at evacuating gas, compared to more extended distributions of stars.
Evidence for differences in metallicity
The implication that candidates exhibit higher metallicities may be important for the efficacy of feedback in the near future (i.e. over the next Gyr) as these galaxies evolve. If a significant portion of the feedback in these galaxies comes from a dense concentration of high-mass stars with strong stellar winds affecting a very concentrated distribution of cold ISM gas, this feedback may increase its impact as the metallicity of the galaxy continues to increase.
The strength of winds from WR stars in particular, the features of which we have observed in the candidate sample, is dependent strongly on metallicity (Vink & de Koter 2005) , with wind velocity and mass loss (and therefore momentum) increasing with increasing metallicity (e.g. Leitherer et al. 1992; Kudritzki & Puls 2000; Crowther 2000; Nugis & Lamers 2000; Crowther & Hadfield 2006; Crowther 2007; Mokiem et al. 2007 ). Over time, therefore, as more metal enriched young stars produce stellar winds, the energy deposition to the surrounding dense ISM is expected to increase.
Although calibrating our metallicity measures onto an absolute scale is not possible with our data, and therefore it is unclear that candidates are already at metallicities high enough to be consistent with those of passive galaxies, the suggestion of enhanced metallicities does provide evidence for a more advanced evolutionary state. It is not currently possible to differentiate between a scenario where the candidate sample form stars on a faster timescale and quench earlier, or, form earlier on a similar timescale (but formed stars longer).
The presence of strong WR features, which arise during relatively short phases (10 5 yrs) relative to the much larger timescale probed by the stack, argues for a relatively continuous star-formation history, perhaps driven by cold accretion, rather than burst-like star-formation from mergers which could elevate their star-formation during short periods of time. We argue that that the enhanced metallicity of the candidates relative to the non-candidates is consistent with the idea that the former form their stars on a faster timescale than the latter during a period of sustained dissipative accretion of gas. Direct constraints on this interpretation will be possible with future NIR spectroscopic observations that would not only allow robust systemic redshifts to be measured, but also metallicity measurements, including α/Fe abundances, which could directly test our interpretation that these galaxies follow a faster evolution than normal main sequence galaxies.
4.4. Are The Candidates About To Quench Star Formation? As detailed in Williams et al. (2014) , the candidates have been selected based on their morphology, stellar mass and star-formation rate to reproduce the observed properties of the CPG at z ∼ 2, assuming that they quench their star formation activity shortly after the epoch of observation. Is this assumption well posed and is there any evidence that supports it?
We have provided evidence that the kinematics of the ISM of the candidates shows that they are subject to a more energetic feedback than the non candidates. The half-light radius of the candidates is ≈ 2× smaller than the non-candidates, and since their average stellar mass is the about the same, the stellar density is ≈ 8× higher. The velocity of the outflows of candidates also is ≈ 2× faster. Thus, the mechanical energy density of the ISM of the candidates is roughly 32× larger than that of the non candidates. Since the star-formation rate of the candidate also is larger by about 2×, the radiation energy density contributed by massive stars is also larger by the same amount.
The larger energy deposited in the ISM of the candidates is likely to increase its turbulence, temperature and ionization state, and this is broadly consistent with the observed Lyα properties, strength of the IS absorption lines and presence of He II emission. The larger star-formation rate is also likely to result in large metallicity, which is also consistent with the stronger C IV emission of the candidates. Their larger star-formation rates would also produce more dust, except that the larger radiation field and higher ISM temperature are likely to be conducive to destruction of dust grains more effectively than in the non-candidates, a scenario that is supported by the far-IR observations which show that dust-reprocessed emission is detected among the non-candidates but not among candidates, despite their larger SFR (Williams et al. 2014) .
There is no evidence for AGN activity either in the Xray emission or in the UV of the candidates (as well as the non-candidates). So, if the quenching has to come by feedback, then this is likely to be provided by star formation through heating and removal of gas. The outflow velocity of both candidates and non candidates are very likely larger than the escape velocity from the regions where the stars are forming, v esc ∼ 2 G M star /r e ≈ 300 km s −1 for the candidates and ≈ 200 km s −1 for the non candidates if the dark matter gravity can be neglected within the radius where star formation is observed. We have no direct information about the mass loading of the outflows, but if it is roughly proportional to the star formation rate (Heckman et al. 2011) , then over a similar period of time, e.g. from z ∼ 3 to z ∼ 2, the candidates will have ejected one order of magnitude more gas in ≈ 1/5 of the time than the non candidates, because their SFR is higher (2.5×), their outflow velocity is larger (2× )and their size is smaller (2×). Combined with heating the gas to a larger temperature, this might be sufficient to quench them.
Thus, it seems to us physically motivated to think that the candidates might quench their star formation rate sooner and in a shorter time scale than the noncandidates. This supports the validity of the selection criteria (which was based solely on morphology, stellar mass and starformation rate) that we adopted to identify them as progenitors of z ∼ 2 CPGs. Unfortunately, we are not aware of any way at this time to quantitatively predict, based on the observed properties of the candidates, e.g. their ≈ 30× energy density relative to the non-candidates, when and how fast they will quench. Future observations at (sub)millimeter wavelengths of the dust content and cold gas morphology and kinematics, e.g. with ALMA, as well as future refinement of theoretical modeling of feedback, will provide a path to progress.
SUMMARY
We have presented rest-frame UV spectroscopy of a sample of LBGs which may be the progenitors of the high-redshift CPGs, compared with that of more normal LBGs (in terms of the mass-size relation). We find evidence for faster outflows among these candidate progenitors relative to non-candidate LBGs as traced by blue shifted interstellar absorption lines. These lines also have higher equivalent widths, indicative of a higher velocity dispersion among intervening clouds in the ISM. This strong interstellar absorption is seen in combination with strong, redshifted Lyα which may be explained by the strong outflows. Analysis of emission lines present in the rest-frame UV spectrum do not suggest the presence of an AGN, and we conclude that the outflows are star-formation driven. We see significant features due to massive stars in candidates, in particular those of metal rich WR stars (C IV and He II ), and argue that this is evidence that candidates are more metal enriched than normal, extended LBGs at that epoch. This could be a result of an earlier formation time, or a more rapid evolutionary timescale. We conclude that these plausible progenitors are distinct from normal LBGs (at the same mass and epoch) and further investigation of this sample, in particular with larger samples and NIR spectroscopy, will put important constraints on quenching mechanisms affecting compact galaxies at high-redshift.
